Akilia, including layers of undisputed ultramafic igneous origin. Since the latter require introdution of fractionated Fe into at least part of the qap unit, we argue that Fe isotopes must therefore be treated with considerable caution when used to infer BIF for part or all of the qap protolith.
Introduction
The south-west tip of the island of Akilia, which is located in the outer Godthåbsfjord, southern west Greenland, exposes mafic and ultramafic rocks enclosed by tonalitic Eoarchean Amîtsoq gneisses ( Fig. 1 ) and forms the type locality for the so-called Akilia Association enclaves (McGregor and Mason, 1977) , which occur throughout the region.
Hosted in the mafic and ultramafic rocks, a thin (<5 m thick), strongly deformed unit of relatively Fe-rich, quartz-amphibole-pyroxene (qap) gneiss (Figs. 1b, c, 2) has been the subject of an intense debate concerning its age, origin, and the possibility that it hosts biogenic relicts. Indeed, the scientific papers on this very small locality collectively serve as a textbook example of the difficulty to infer biogenicity in rocks of such great antiquity.
The debate also illustrates how the need for proof of biogenicity can act as a key driver for analytical geochemical innovation.
Regardless of the sophistication of the analytical data, demonstration of a sedimentary protolith for all or part of the unit forms an essential prerequisite in any attempt to demonstrate early biological activity following the lines of previous claims (e.g. Mojzsis et al., 1996; McKeegan et al 2007) , which have centered around the presence of isotopically light carbon as graphite inclusions in apatite, or indirectly by inference that deposition of banded iron formation (BIF), a primary marine chemical precipitate, most likely required biologically mediated oxidation (Towe, 1990 ). An initial proposal (Mojzsis et al., 1996) that the 5m-wide unit in its entirety represents BIF was based on a simple mineralogical comparison with undisputed BIF in the nearby Isua Greenstone Belt. Subsequently it has been shown that the unit is compositionally strongly heterogeneous (Fedo & Whitehouse, 2002 ) with a pervasive tectonic (Myers and Crowley, 2000; Whitehouse and Fedo, 2003) and polyphase metamorphic and metasomatic (Lepland and Whitehouse, 2010) overprint that obscures both the original nature of the rock and precludes determination of its exact (>3.65 Ga) age (Fedo et al., 2006; Manning et al., 2006 , cf. Whitehouse et al., 2009 ).
Additionally, Whitehouse et al. (2009) documented that the host ultramafic rocks, previously interpreted as an integral part of a volcano-sedimentary sequence together with the purported BIF (Nutman et al, 1997) , contain olivine-rich lenses, which likely represent relict cumulates of dunite/peridotite. Such cumulates are common in deep-seated, layered intrusions and would not normally be associated with supracrustal rocks. However, the possibility remains that the cumulates could have formed in komatiite sills (Houle et al., 2009) or lava tubes (e.g. Gole et al., 2013) in proximity to the Earth's surface.
In view of the complexity of field, petrographical and petrological evidence that results from polyphase, high-grade metamorphism, the depositional context of the qap rocks cannot be uniquely constrained without additional geochemical and isotopic evidence. In this context, Dauphas et al. ( , 2007 presented fractionated iron isotope data for qap rocks on Akilia, and proposed that these provided unequivocal evidence of a chemical sedimentary BIF protolith. The primary line of evidence used by Dauphas et al. ( , 2007 was that qap rocks on Akilia are characterised by isotopically heavy iron (i.e.
‰ ≤ 
56 Fe ≤ +1 ‰) that is similar to that from undisputed >3.7 Ga quartz-magnetite BIF from the Isua Greenstone Belt, which crops out ~150 km northwest of Akilia on the edge of the Greenland Ice Cap (Fig. 1a) . By contrast, the host ultramafic and tonalitic rocks were found to be 'typically' unfractionated ( 56 Fe ≈ 0 ‰), as expected for igneous protoliths. A secondary argument was made that the heavy Fe could not have been generated by metasomatic processes as described by Fedo and Whitehouse (2002) based on elevated Fe/Ti ratios in the fractionated qap rocks. The reported presence of mass independently fractionated (MIF) sulphur isotopes in an Akilia quartz-amphibole-pyroxene rock (Mojzsis et al., 2003) was further used by Dauphas et al. ( , 2007 , sample G91-26 (the sample with putative biogenic relicts, Mojzsis et al., 1996) is itself heterogenous, with a coarse-grained (<5 mm) quartz-rich part and a ca. 3 cm wide, finer-grained (<1 mm) part considered by some to have a likely BIF origin (Friend et al., 2002; Fig. 2c) . A second sample (SM/GR/97/5) is also coarse grained (S.
Moorbath, personal communication), in common with the bulk of G91-26 but in strong contrast to typically very fine-grained Isua BIF, and trace element studies of this particular sample show that it lacks the characteristic trace-element evidence for a BIF origin in the form of prominent positive La, Eu and Y anomalies (Bolhar et al., 2004) . Insufficient details are given by to accurately characterise their third sample.
In order to investigate further the proposed link between isotopically heavy Fe and a possible chemical sedimentary (BIF) protolith, we have undertaken a detailed bulk-rock Fe isotope study on a wider range of rock types than those investigated by . These include Fe-rich ultramafic veins and boudins (e.g. Fig. 2b ), interpreted on the basis of trace-element geochemistry to represent either highly deformed, metasomatised relict igneous rocks (Fedo and Whitehouse, 2002) or the product of mafic and/or ultramafic rocks mixed with chemical sediment (Manning et al., 2006) . Neither of these potential, clearly non-chemical sedimentary mafic/ultramafic protoliths would be expected to have a fractionated Fe-isotope signature.
Materials and methods
The samples selected for the Fe isotope investigation may broadly be categorised into
(1) coarse and fine grained qap rocks, including a sample (AK12, Fig. 2e ) which is lithologically equivalent to the finely banded portion of G91-26, the sample from which Mojzsis et al. (1996) reported isotopically light carbon; (2) ultramafic boudins and layers (Fig. 2b, d) ; (3) host ultramafic rocks (Fig. 2f) Table   1 .
Results
Bulk-rock Fe isotope data from these samples, together with the data of , are plotted in Figure 3 .
Discussion
Whereas the fractionated  56 Fe values and high Fe/Ti ratios for qap agree with those analysed by Dauphas et al. ( , 2007 The simplest mechanism that can be envisaged is metasomatic transport of Fe from a reservoir in which fractionated Fe already exists, for example from BIF. Undisputed BIF preserving typical trace-element features of chemical sediments (Bolhar et al., 2004 ) is exposed at several localities in the Eoarchean of southern West Greenland, notably the extensive deposit in the Isua Greenstone Belt (IGB; Fedo et al., 2001) , as well as smaller enclaves in the outer Godthåbsfjord close to Akilia (e.g. the Ugpik occurrence). Typically, BIF exhibits a range in  56 Fe, which is attributed to low-temperature, possibly biologically mediated, fractionation processes (Johnson and Beard, 2006) . The IGB BIF is characterised by positive  56 Fe < ca. +0.8 ‰ (Dauphas et al., , 2007 Czaja et al., 2013) . If this is a common feature of Eoarchean BIF in particular, such rocks could provide a fractionated source reservoir for metasomatic Fe. This fractionated Fe could have been mobilised and precipitated into the analysed rocks either during the 3.6 and/or the 2.7 Ga metamorphic overprints and would therefore have no significance for deciphering the origin of the protoliths. argued that observed Fe/Ti were incompatible with metasomatic alteration of mafic/ultramafic lithologies (Fedo and Whitehouse, 2002) Ga (re-?) crystallisation , metamorphic zircon is also predominantly ca. 2.7 Ga (Nutman et al., 1997 , Fedo et al., 2006 with only rare >3.6 Ga cores preserved (Whitehouse et al., 2009) , while apatite records a Mesoproterozoic event (Sano et al., 1999; Whitehouse et al., 2009 Williams et al., 2004 Schoenberg et al. (2006) , altered oceanic crust (Rouxel et al., 2003) and Black Forest ores (Schoenberg et al., 2006) . The grey shaded vertical band represents the range of d56Fe observed in a wide range of common igneous rocks (Schoenberg et al. 2005 (Schoenberg et al. , 2006 . 
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